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Introduction

We have studied the effects of human immunodeficiency virus (HIV) on

human monocyte-macrophages. We both focused on the modulation of cytokine

production by HIV infected macrophages in response to potentially physiologic

stimuli such as endotoxin and studied the effects of cytokine3 which might be

clinically useful in the therapy of AIDS with regard to modulation of HIV

infection within these monocytic cells. These studies of mature

monocyte-macrophages were done in tandem with studies on bone marrow stem

cell development following HIV infection. We thus were able to begin to

address the problem of impaired hematopoiesis in patients wich AIDS and ARC

using in vitro models of bone marrow stem cell development.

Background

The basis of this project rests on a major component of the biology of

HIV. It is clear that the monocyte-macrophage is an important in vivo target

of HIV, and that efforts to develop both therapeutics and vaccines must take

into account the interaction of the retrovirus witn this partieular myeloid

target cell. Furthermore, bone marrow dysfunction is frequent in patients

with AIDS and ARC and often the tissue limiting toxicity in the use of

anti-retroviral agents such Zidovudine. An improved understanding of the

biology of HIV within monocyte-macrophages should provide important insights

into Immunology and virology in general and into clinical strategies for AIDS

in particular.



Rationale

The rati.onale used in the current study was to first establish in vitro

models with both permanent human cell lines, such as the monocytic cell lines

U937 and THP1, and then to study primary monocyte-macrophages derived from

peripheral blood or lung. In addition, cultures of human bone marrow from

HIV uninfected as well as HIV infected individuals were established and stem

cells grown within semisolid matrices. A variety of HIV isolates was

employed for these studies, including isolates with tropism for monocytic

cells (such as BAL or SF162) as well as isolates with tropism for T cells

(such as HIV IlIb and RJ4029).

Hematopoiesis and Cytokines

Our initial studies demonstrated that bone marrow grown from HIV infected

individuals who were not in myelosupprassive therapy had normal

characteristics in vitro. This strongly suggested that bone marrow stem

cells were normally responsive to cytokine modulation in vitro and that the

virus was not grossly cytopathic to the proganitor cell. We also explored

the effects of candidate antiviral drugs on bone marrow stem cells, and

determined that Zidovudine was particularly toxic to erythroid and myeloid

progenitors while dideoxyadenosine or dideoxyinosine were not (Figure 1 and

2; Table I). These studies established the ground work for further

development of non-marrow toxic nucleoside derivatives which have recently

entered clinical trial. In order to better understand the pathogenesis of

impaired hematopoiesis, with particular reference to HIV infection of mature
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monocyte-macrophages, we studied the production of tumor necrosis factor

alpha and interleukin-1 beta by THPI monocytic cells infected with HIV

(Figure 3). We found that there was not a marked abnormality in production

of these two cytokines during chronic infection of this permanent monocytic

cell line, but there appeared to be differences in response during acute

infection to the endogenous stimulus endotoxin. When these initial

observations were extended to mature peripheral blood monocyte-macrophages,

we found that there were no abnormalities during a~ute or chronic infection

with rega:d to production of tumor necrosis factor alpha, interleukin-1 beta,

interleukin-6, or granulocyte macrophage colony stimulating factor (Figure

4-6; Table I1). These studies were done under strictly endotoxin-free

conditions and strongly suggested that retroviral infection per se does not

lead to abnormal gene expression of these four cytokinee. Studies were done

with both monocyte tropic HIV isolates and T cell tropic isolates, as well as

exposure of monocytic cells to the HIV envelope glycoprotein gpl20.

Virus-receptor interactions

Our interest in the interaction of HIV with its cell surface receptor,

the CD4 structure, led us to utilize recombinant soluble CD4 in our

experiments. This proved to be a particularly useful reagent. We were able

to determine that there were different neutralization profiles of different

HIV isolates in vitro with recombinant soluble CD4 (Figure 7-11; Table III).

Most difficult to neutralize was the HIV-2 ROD isolate, strongly suggesting

that this retrovirus related to HIV-1 has a different envelope glycoprotein

structure. Recent data suggest thdt wild type HIV-1 isolates from patients
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in the United States have a wide range of neutralization profiles by

recombinant soluble CD4. This indicates that the interaction of HIV with its

CD4 receptor is more complex than originally thought. Our studies of H!V

infection of monocytic cells asked the question whEther in such cells, which

express the Fc receptor, antibody coating of virus might allow entry

independent of binding to soluble CD4 (Figure 12-14). Although we did detect

a low degree of enhancement (2-4 fold) of productive HIV infection of U937

monocytic cells in the presence of non-neutralizing concentrations of

anti-HIV antibody, wa found that recombinant soluble CD4 or the anti-CD4

monoclonal antibody Leu3a completely inhibite6 infection. This suggested

that interaction of HIV with CD4 on the cell surface was necessary for

productive infection of monocytic cells.

Molecular studies

In order to furtler explore the nature of HIV infection on a molecular

level, we initiated studies of the temporal aspects of DNA and RNA synthesis

during HIV infection (Figure 15). This was first done in T cells and then in

monocytic cells. Of note, using the prototype HXB2 clone which was

engineered to express an authentic nef gene, we were unable to detect a

negative influence in viral growth in T cells or monocytic cells (Figure

16). The function of the nef gene is still not clearly understood.
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Antiviral Strategies in Monocyte/Macrophages:

Given the recognized importance of the monocyte/macrophage as a

primary target and probable reservoir of HIV infection, we have

continued our efforts to define antiviral strategies that are effective

in cells of this lineage. To this end, we have examined cell lines with

monocytic characteristics such as the U937 cell line but have also

developed systems in which to examine normal macrophages in culture.

This latter effort has involved the use of human alveolar macrophages as

"a representative tissue macrophage. This has permitted us to establish

"a system in which strategies to both prevent de novo infection of

macrophages as well as to block transfer of HIV to target lymphocytes

could be examined. These systems have been utilized as follows:

A. Effect of zidovudine and granulocyte-macroDhage colony stimulating

factor. Alveolar macrophages (AM's) were obtained by

broncholavage from HIV seronegative normal human volunteers by

standard techniques after obtaining written informed consent. The

cells were washed and placed in culture at 2 x 106 cells/well in

35 mm six-well plates. Following a 2 hour adherence, the

nonadherent cells were washed free and the remaining adherent

cells were determined to be >95% macrophages by phagocytosis of

1.1 micron latex beads. The AM monolayers were incubated in

medium alone or medium containing 30 units/ml GM-CSF for 48 to 72

hours. After this incubation, the monolayers were washed,

incubated with 25 ug/ml DEAE dextran for 30 minutes and infected

with the IIIB strain of HIV-I (RT of inocula - 5.6 logl 0 cpm/ml).

After the virus adsorption, cultures that had been pretreated with

GM-CSF were reexposed to this compound alone or in combination
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with 1 uM AZT. Cultures that had been incubated in medium alone

pieinfection were left untreated or were exposed to I uM AZT

immediately post infection. Controls included mock infected

cultures maintained in medium alone or medium containing 30

units/ml GM-CSF and/or 1 uM AZT. Drugs were replaced in the

culture supernatants with each media change. Ten days

postinfection phytohemagglutinin (PHA) stimulated peripheral blood

mononuclear leukocytes (PBMLs) from HIV seronegative donors were

added to some of the AM cultures as target cells (5 x 105

PBMLs/well). Cultures were then examined for an additional 10

days during which drug was maintained in the treated cultures. To

determine the effect of drug removal in this system, cultures that

had been maintained for 20 days in the prasence of AZT and/or GM-

CSF but to which PBMLs had not been previously added were washed

free of drug and PHA stimulated PBMLs were added at that point.

These cultures were then monitored for an additional 15 days.

In our experience, when normal AM's are infected in vitro

with the IIIB strain of HIV-l, they exhibit no cytopathic effects

and supernatant RT activity falls to low or undetectable levels by

5-7 days postinfection. Supernatant HIV antigen also predictably

falls post-HIV exposure but it remains detectable for up to 6

weeks if the cells are left in culture, usually in the range of

100-900 pg/ml. When stimulated target cells such as PHA

stimulated PBMLs are added at any point postinfection, a marked

rise in RT activity and supernatant HIV antigen is seen within 4

days of their addition. This system, therefore, has been designed
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to mimic the "reservoir" function of macrophages for the ongoing

infection of target lymphocytes.

In the studies described here, addition of I iuM AZT

immediately postinfection resulted in significant antiviral

activity by days 6 and 10 postinfection. Mean HIV antigen levels

in infected control cultures were reduced from 813 (± 128) to 180

(± 17) pg/ml (p-.001), and from 808 (± 119) to 22 (± 9) pg/ml

(p<.001) on days 6 and 10, respectively, by AZT alone. RT

activities and HIV antigens subsequently fell to undetectable

levels in treated cultures and remained undetectable in cultures

that received PBMLs as long as AZT was maintained in the medium.

In contrast, pretreatment of AM's with GM-CSF at 30 units/ml and

maintenance of the cytokine in the cultures resulted in no

inhibitcry effect on HIV replication but importantly no

potentiation of HTV replication occurred. The combination of AZT

and GM-CSr demonstrated significant anti-HIV activity in this

system to a degree similar to that seen with AZT alone. The

combination was also effective in inhibiting transfer of infection

to target PBMLs and this effect was equivalent tu that seen with

AZT alone. Given the marked effectiveness of AZT any additive

effective of GM-CSF in this system could not be elucidated.

However, no antagonism of the effectivaness of AZT was

demonstrated.

We next examined the pattern of HIV expression after drug

removal and attempted to determine if virus expression could be

observed in the cultures that had b~en completely sippressed by

AZT or AZT plus GM-CSF. To do this, infected AM monolayers that
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had been maintained in culture wiZh/without drug exposure for 20

days postinfection were washed thoroughly and PHA stimulatee PBMLs

were added to the wells. The cultures were monitored for

stpernatant HIV antigen for 15 days. Supernatant antigen

expression briskly rose in infected control and GM-CSF exposed

cultures. In previously AZT exposed cultures, virus expression

was delayed but still was readily apparent by day 8 postdrug

removal. In contrast, in 4 of 6 experiments the combination of

AZT plus GM-CSF appear to have a greater antiretroviral effect

than A-ZT alone in that virus expression was not seen after PBML

addition and drug removal.

These results demonstrate that AZT at I uM was effective at

inhibiting the low level produc;tive infection of AM's and in

preventing transfer to stimulated target cells as long as the drug

was maintained in the culture system. This confirms that AZT is

effective in monocyric cell systems. GM-CSF as a single agent

demonstrated no HIV inhibitory activity in AM's, in contrast to

what we had previously demonstrated in the U937 cell system.

However, most importantly, no potentiation of HIV replication was

seen. Further, the relatively lymphocytotropic IIIB strain was

not converted to a wore monocytotropic strain by exposure to this

cytokine. The combination of AZT plus GM-CSF demonstrated anti-

HIV activity comparable to AZT alone at the concentrations

examined. Thb degree of effectiveness of AZT precluded the

ability to demonstrate an additive or synergistic effect of GM-CSF

but perhaps just as importantly no antagonism was demonstrated.

The inability to induce virus replication in 4 of 6 AZT plus GM-
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CSF treated cultures after drug removal and PBML addition is of

interest in that it suggests an additive antiviral effect of the

combination. This may well be explained by the reported ability

of GM-CS' to increase the anabolic phosphorylation of AZT in

monocytes resulting in a lowering of the AZT ED5 0 .

B. Effect of recombinant soluble CD4: The U937 monocytic cell line

and human alveolar macrophages were employed to examine the

effectiveness of reconbinant soluble CD4 on HIV-l infection of

cells of the monocyte macrophage lineage. rCD4 was obtained from

Genentech, Inc., and consisted of the 370 amino acids which

comprise the extracellular domain of the molecule. For the rcute
irnection of U937 cells, cell-free virus (103 - 104 TCIDs 0 ) or a

mock inoculum was incubated with 0, 0.1, 1, or 10 ug/ml rCD4 in 96

well plates for 1 hour at 37"C. Then 5 x 105 U937 cella were

added and the mixture incubated for another hour at 37*. The

cells were transferred without washing to 2 ml of fresh complete

RPMI in a 24 well plate. The same concentrations of rCD4 were

maintained in the medium of infected cultures for 21 days. For

tho acute infection of alveolar macrophages, the AM's were

prepared as described above and placed in culture in 35 mm 6-well

plates. The HIV inoculum (100 TCID5 0 ) or the mock inoculum was

incubated with 0, 0.1, 1.0 or 10 ug/ml of rCD4 for I hour at 37"C

then placed on the AM monolayers and incubated for a second hour

at 37". The cultures were maintained with rCD4 in the medium for

15 days and then 5 x 105 PHA stimulated PBMLs were added to the

wells to amplify expression of HIV. rCD4 was either removed or

maintained in the cultures at that point. For examination of the
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transfer of infection from chronically infected AM's to target

P!MLs, AM's were placed in culture and infected with HIV and

maintained for 15 days. At that point the monolavers were washed

and incubated with 0, 1.0, 10.0 or 200 ug/ml of rCD4 for I hour

before addition of PHA stimulated PBMLs to the wells. rCD4 was

then maintained in the medium throughout the subsequent

experiment. In these studies, to examine the importance of cell-

to-cell contact, PBMLs weie either added directly to the AM

monolayers or separated by a Transwell (Costar) membrane with a

pore size of 0.4 micron.

The results demoustrated that rCD4 had che ability to block

acute HIV-I infection of U937 cells. Infected control cells

without rCD4 had detectabl3 RT activity by day 14, an HIV antigen

level > 2,000 pg/ml by day 14, and 40% [FA positive cells by day

28. In contrast, rCD4 at 0.1 ug/ml markedly delayed virus

expression with the supernatant HIV antigen level not reaching

>2,000 pg/ml until day 28 and RT -ctivitv and IFA positivity

remaining undetectable until day 35. At concentrations of 1 and

10 .pg/ml rCD4 completely prevented acute HIV inEection in U937

cells by all parameters examined. Further, no expression of virus

was d&tected by any assay up to 8 weeks after rCD4 was removed

from the medium and Southern blot analysis for HIV proviral DNA

was negative. rC34 had no deleterious effect on cell viability in

the U931 cell -ystem.

Attempts to block the acute infection of human alveolar

macrophares with rCD4 were effective at all concentrations ranging

vrr 0.1 to 10 tug/ml. Even following the addition of PH/A
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stimulated PBMLs to the AM's on day 15 after infection, no

supernaZant HIV antigen could be detected in treated cultures.

Levels of supernatant HIV antigen were consistently Ž 500 pg/ml in

the infected control culture by day 10 after PBML addition but

remained undetectable in all rCD4 treated cultures. The results

were equivalent whether or not rCD4 was maintained in the cultures

after PL9L addition.

In the studies designed to examine :he ability of rCD4 to

block the transfer of HIV-! infection from already infected

macrophages to target stimulated lymphocytes, 1 ug/ml of rCD4 was

found to effectively block this transfer if cell-to-cell contact

between the AM's and the PBMLs was prevented by the presence of

the Transwell membrane. However, if cell-to-cell contact was

permitted, HIV transfer to target PBMLs was not inhibited. At 10

ug/ol, rCD4 showed substantial but still incomplete blockage of

virus transfer when cell-to-cell contact occurred reducing

supernatant HIV antigen levels > 2 logs on day 10 (from 106 to

pg/ml). Despite the continued presence of rCD4 in tCio

culture, these levels continued to rise, however, and by day 14

reached 105.7 pg/ml in the absence of the Transwell membrane. In

contrast, 10 ug/ul of rCD4 did completely block virus transfer

when cell-to-cell contact was prevented. At 200 ug/ml rCD4 could

block transfer of infection even in the face of free cell-to-cell

contact.

These results demonstrate that rCD4 can be quite effective

in preventing the de novo infection of cells of the

monocyto/macrophsge lineage. Direct cell-to-cell transfer of
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virus can also be blocked by rCD4 but at considerably higher

concentrations, thus posing a potential challenge to this strategy

in certain microenvironments.

HIV Pathozenesis:

In order to learn more about the pathogenesis of HIV at the

cellular level, we have begun to examine the interaction of cell

signalling events with the control of HIV replication. To that end, we

have been examining the effect of calcium channel blockers on HIV

replication in a number of cell systems. In our initial studies

verapamil at concentrations of 25-75 uM was found to potentiate HIV-1

replication (IIII strain) in the CEM and H9 lymphoid cell lines but to

delay it markedly in the U937 monocytic cell line. We have conducted a

series of experiments to try to determine the mechanism of this effect

and to see whether it is related to the known calcium blocking effect of

this agent. We have first chosen to elucidate the effect in lymphoid

cell systems where enhancement of HIV replication is seen. CD4 and CD4A

expression were examined in HIV-infected end -uninfected, verapamil-

troated and -untreated CEM cells by incubation with monoclonal OKT4 and

CKT4A antibodies, fluorescein labelling with a second antibody, and flow

cytomptric analysis. To determine the effects of verapamil on the HIV

long terminal repeat (LTR), transfection experiments were performed in

which plasuid constructs containing the HIV-1 LTR link to the

chloramphenicol acetyl transferase (CAT) reporter gene and a mutant LTR-

CAT construct containing site directed mutations in both NFKB binding

sites were transfectad into CEM cells by standard DEAE dextran methods.

The transfections were carried osit with cotransfe~tion of a tat

expression vector. After transfpctioit, the cells were split into two
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aliquots with/without 50 uH of verapamil. After 48 hours the cells were

harvested, lysed and CAT activity was determined by standard enzymatic

methods and thin layer chromatography. To further elucidate the

possible role of NF-kB electrophoretic mobility shift analyses were

performed on CEM cells treated w:,th 50-100 uM verapamil, 50 ng/ml PMA

plus 2 ug/ml PHA or control medium for 24 hours. Nuclear extracts were

prepared, the protein concentration determined, and 5-20 ug of nuclear

protein were incubated with 5,000-10,000 cpu of a radiolabelled NF-kB

probe. Competition experiments were undertaken with 2 unlabelled

oligonucleotides, 1 containing the normal NF-kB binding sequence and the

other a 3 base pair mutation in each kB sequence. The DNA binding

reactions were analyzed on a 4% polyacrylamide gel at room temperature.

Intracellular calcium measurements were performed in cultures usin:g the

Fura-2 intracellular dye with fluorescence measured in a Perkin Elmer

LS5B spectrofluorimeter.

The results of these studies can be summarized as follows: There

was no effect of verapamil on surface CD4 expression in CEM cells.

Thus, it did not appear that the enhancement effect of verapamil was

related to an increased CD4 or CD4A expression. Verapamil at 50 uM was

found, however, to have a marked effect on activating the HIV LTR in

LTR-CAT transfection assays. The percentage of acetylated

chloramphenicol products rose from 0.4% to 5.3% at 0 and 100 uM

verapamil respectively (a 13 fold increase). Similar results were seen

with Jurkat cells indicating that the effect was not restricted to CEl

cells. The presence of intact NF-kB binding sites was necessary to

observe this enhancing effect of verapamil because the drug had no

effect on the expression of an LTR CAT plasnid containing mutations in
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both SF-kB binding sites. Cotransfection of the tar vector was

necessary to observe the drug effect. The importance of NF-kB to

*;erapamil's effect was confirmed by the electrophoretic mobility shift

assay which demonstrated marked induction of NF-kB binding activity with

100 uM of verapamil. This effect was equivalent to that seen with

combined PHA and PMA tre!atment. Further specificity of the induced NF-

kB binding activity was confirmed in competition experiments.

To determine whether verapamil's induction of NF-kB activity and

activation of the LTR could be correlated with its known mechanism of

action as a calcium channel blocker, the intracellular calcium levels of

CEM cells during acute HIV infection and the influence of verapamil

treatment were studied. CEM cells infected with HIV-l were generally

found to have resttng calcium levels 20-40% higher than uninfected cells

with effects seen within 3 hours after inoculation of the virus. This

effect persisted unchanged throughcut the period of development of

active virus replication. In contrast, 50 uM of verapamil depressed the

resting calcium level in both uninfected and infected cells to levels

only 30-50% of those in control, uninfected cells. These lower calcium

levels were established immediately on exposure to verapamil and

persisted unchanged throughout the period of monitoring despite

development of detectable virus expression in the infected cells on day

3. Thus, although changes in calcium could be seen both with verapamil

treatment and HIV infection the level of virus replication did not

directly correlate with the intracellular calcium levels.

These studies have demonstrated that verapamil in high

concentrations can potentiate HIV replication in lymphoid cell lines and

that this effect is mediated by the induction of NF-kB. The drug's
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effect on HIV replication, however, may be unrelated to its known role

as a calcium channel blocker and thus another pharmacologic effect in

this system may be evident. We are extending these studies to try to

determine why the opposite effect of verapamil is seen in the U937

monocytic cell line as well as to determine verapamil'a effect in normal

human monocyte/macrophages and CD4+ lymphocytes. Investigations such as

these can be used to elucidate the relationship of cell signalling events

with the control of HIV replication to better understand the pathogenesis

of HIV at the cellular level.

Sumary

We have made considerable progress addressing certain specific aspects

of biology of HIV in monocyte-macrophages. These include the interaction

of virus with the cell surface receptor, the early molecular events which

occur after viral penetration, the effects of infection on cytokine

expression, the importance of infection on monocyte progenitor

development, and the regulation of calcium metabolism in these cells.

These data should provide a base upon which subsequent study can be

performed in this area of AIDS.
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after 7 days in culture. See Materials and Mehods fir detals of the of rCD4 per mnl (C), 1.0 "s of rCD4 per ml (A). or 10.0 "s of rCD4
infection procedure. The ban represent the mean results of three per ml (0). On day 14 (arrow), adl cultures were washed to remove
independent experiments. The mean posstive control (no rCD41 RT rCD4 and suspenoded in control medium.
value was 3.3 )r 10i cpmiml. For prereatment conditions. HIV- I
I I IB was Mrincubated with rCD4. tairget H9 cells we" adeAnd
After incutaitic- frv- rCD4 and virus were remnoved by washing.
The,, i;ells were t t-n cu! ured fur 7 days. The bans represent the mean
inhibition of RT a~t'vity in two %separate experiments. The wean 10
piositive control was 1.5 x W0 cpns/mg. For postadsorption condi-
ti..s. HijV-I 111B was incubatvd with H9 cells at 4C and free virus
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H9 cells were irfected with 100 TCID%, of each viral strain in the
presence of different concentrations of rCD[4 (contanuous-inhi bit ton
conditions. see Materials and Methods). Infection was monitored by
measuring supernatant RT activity aflte 7 days in culture. The
restilts for HIV-1 11I8 are those presented in Fig. 1. HIV-l isolates
are 906. AL. W8D, andi RJ4029. LAV-2 is asit HIV-2 isolate, RT
activities in the poettive controls were as follows: 906. 1.0 X 10'
cpnvml; AL. 1.4 x 10' cpis~mI. 341 x 10 cp"m/ml R.14029. 6.85 10'W
cpnvml. LAV-2. 2.6 X 10' cpm/ml.
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Fi. 5 Inhibition of HIV.! infectivity by CD4
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timn of the cytopathic effects on ATIHS calls by Jr tCD4 CDA271 CD4471
HIV-l was examnined as descnibed~j with the a
HTLV.I)IB isol~ate.The number of viable cellsat day 10 after infection is shown for varying 6
colicentrations of eac~hm olecule in the presence . I [ .|" . •:

(solid barn) or absence (shaded bans) of added 4- . * ,vi rus. T h e absen ce o f an effect o f •ea c C D 4 . .. .analogue on cell numberin the absence ofvirus 2 _ _ _ _

indicates that nonc of these molecules inhibited
ce groth. b. Inhibition of infection of H9 0
cells by HIV.) wa carried out a described' 00.1 2 10 0.5 1 2 5 10 a0 a.s 1 10
with the HTLV.IIIB islate Revers transrp- Concenration gg mld-

wse acuvy was determined 7 days afte mien- 50
don and is given as the perentage of the level b c d
Seen in the absence of inhibitor. Solid and open 7
circles riere•e.n 2y) Iand 4-1, respectively. c, 80
Inhibition of infection of U937 cells by HBIV.) _3"
(HTLV-IIIB isate) was carned o as as
described above for H9c 1ct ld. Inhibition of 1 O
infection of fresh hunman monocw. by the 20
m onocy rotrop ic H IV . I isolate Ba-L (re m. 35). 4 '
HXV-. replication was determined by meaarm. 1 10
ing the level of p24 lag antigen synhesis 10 1
days after infection using a Commenrcia assay 0 0, t . _, O
kUt (Dupont). Cijrcles inverted usanglas and o.n 03. 1 10 1WOJ1 0.1 1 10 10 0 t.5 2 5 10 2
triangles reprmsent inhibition of p24 tynthesis [Inhibitor] gg ft -1 [Inhibitor] gg f4
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Days 7 (.A). 10( * .0). 13 1e.o). and 16 e.C) afer infection. Bars rflect standard an of the mean.
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FIG. -2 HIV-I antibody-positive serum enhancement of H!V-I infection. U937 cells were infected by 100 TCID.,
HIV- I in the presence of senia diluons of serum from an HIV. I antibodv-positive asympwmatic I A I. ARC i) patients p"A
and serum from HiV-I awbody-nemue healthy individual (C0) ;a conrol. Virul pwduction was detected by RT
superrnatan: ct~ivity a" Day 13 afte infection.0-t
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FIG. 3. Inhibition ofHIV-1 infection byCD4. 100TCID.oofHIV-I wee preincubated for I h al 4C with rCD4 at0. 1
C----,l ).1.0 ml (6). or control medium (0). in the presence of senau dilutions of serum from an asvmpKomraucpO -- =iet

A=$ pat.;eftc HIV-in. -A'-'rvanA1DS pxuenB. U937 cells wee then added as dewnbed in Materials and Methods.
Supernatan RT acuvity was assmyed on Day I3Of culture.

or H=V-sC#Aex^.1,Ve (,dv~a,1 Cc).
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FIG. 4. Inhibition of HIV- infection by L.v.3'. U937 cells were pteincubited with I ggigmlr anti-Leu3a () or complete

ScontroJ ic). 100 TCID,o HIV-1 was incubated with seria dilutions of serum from an asymptomatic

qui AI&X¢ Pet.,reP. (1,)> HIV.l-infected ,'atact (A). ak.rAIDS p ient 4X (B). or a healthy HIV-seronelave individual (C). ir. pallel to the

U937 preincubauon. The anti.Leu3a-mtred cells were mi ed with dte anti.HlV.reated virus. incubated for I h at 37T.
and tansferred to 24-well plates. Supernaamt RT ctivity was assayed on Day 13 after infection.
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FIG. 1. One-step growth curve of HIV. IF. Change in the
percentage oftiminunofluoresceni-piositive cells during .he course ofx
infection; RT. change in reverse transcriptasc activity in cell culture Is 2
supernlatant. -

1 2 3 4 2S *37 14 FIG. 2. Hvbidizatiort analysis of HIV-specific low-molecular-
- ~weight DNA. (A) Toutal low-mokeclar-weight DNAs. Short (a) and

long (b) exposures of the same autoradioprm ame shown. (B)
S W I Cytoplasmic (a) and nuclear (b) low-molecular-weight DNAs. (C)

-- -- " Low-molecular-weight DNA from infected primary T ce!ls. Short (a)
and long (b) exposures of the same autoradogram arw, shown.
Numbers at the top of lanes anr hours after the infection was started.
Lane Ch shows a DNA sample from a chronically infected clture.
L C. and X. Linar, circular, and nicked circular DNAs. respec-
tively. H9 cells or primary T celIls (enriched for CD4* cells) wen

S2infected with HIV-1 W13. and low-molecular-weight DNA was
prepared by Hirt extraction (8) and subjected to Southern blot

15 analysis (24). Cytoplasmic and nuclear fractions were prepared from
r the same cells by using the detergent Nonidel P-40 and then

subjected to Hiin extraction. Because of limits in Hirt extraction. it
is dfficult to quantitatively compare the amounts of linear DNA in
the cytoplasm and the nucleus.
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FIG. 3. Amounts of unintegrated HIV DNA in infected cultures.
Top. Determination of copy number. One example of Southern blot
Nuybndsz~asti is shown. The first six Laws show DNA samples
prepared at various tir-es after infecton. The Last four lanes indicate
DNA concentrations (in picogramsl of the 5.6-kb Sarl fragment of
the plasmid containing the HIV genome. Bottom. Changes in t"e
copy number per exposed cell dunng the course of infection. Two
representative infections art shown. They are different in the
percentage of initially infected cells delernneWd by indirect immu-
ioflucrescence. 2% (l and 8% (0). respectively.
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FiG. 2. Comparison of HIV DNA synthesis between the ttelf
and nef- strains. Primary T cells enriched for CD4' cells were
infected with the nefl and nef" strains of HIV-1-W13, an, low
molecular weight DNA was prepared by Hin extraction (23) and
subiected to Southern blot analysis (241. The DNA probe used forhybridization was the Sac I fragment of pW13. which included most FIG.3. ComparisonofHlV RNA synthesis between the ,ef. andcf the HIV genomic DNA. Numbers above lanes indicate hours nef" strains. Total RNA was prepared from H9 cells infected withpestinfection. L and C are linear and circular DNA. respectively, the nef* and nef" strains of HIV-1-WO3 and was subjected to RNAL.kne 1 (Ch) contained control linear DNA of H IV. blot analysis. (Upper)The DNA probe used for hybridization was the

51I-base-pairB,111 fragement of pWI3. which includes the polyaden.
ylylation signal sequence. Numbern above lanes indicate days post-
infection. while those on the right side show the approximate sizes.
(kbl of HIV mRNA. (Lawer) As a coutrol for variation in mount ofRNA loaded, the same filter was hybridized with the 1.7-kb Pst Ifragment of tubulin cDNA (2W).
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Table I

Mean per cent inhlibitia (± standard deviation)

DDA
2'3'-dldecrxyadenosieCF U•GM CFU-GM
concen•ration (Am) with EPO without EPO BFU-E

0-01 22±27 17*16 21*31
0.05 16*29 15±21 12±22
0.1 21*18 39±*10 27*-14
1.0 34-30 9±15 44±42
5.0 9± 9 23±20 32±38

10-0 20+20 27±-10 25±32
20.0 35*15 46± 7 63+36
30.0 25±12 36*25 38±28
40.0 32±22 47*14 42±41
50.0 45*19 47*14 58*24
75.0 49*31 53* 7 61±30

100.0 70±21 70* 17 90± 8

Results represent the mean per cent inhlbitioa (±uandard
deviatlon i for r - 4 bone marrow donors

¶nhibition of Bone Marrow Myelopoicsis and Erythropoiesis in vit'ro by

rnti-retro•iral Nucleoside Derivatives

Margaret Johnson, Teresa Caiazzo, Jean-Michel Molina, Robert Donahue, and

Jerome E. Groopman

British Journal of Haematology, 70:137-141, 1988
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Table II

Production of TNF-a. IL-.1, and IL.6 by PBMC
cxposed to various stimuli*

Sumuls and MCMST = SEM €oai (pVfm1) of cytokine
Comm TNF-. I,. .L-

Control 194 = 31 87 = 12 108 17

LPS (0.5O .nng ) 1.766 = 528 496 = 47 368 30

rtp12j (ýLrdl) .
0.1 102 = 10 80 = 8 80 20
1 1533 = J4 88 = 14 109 I8

10 115 = 10 67 = 15 105 = 33

H9 shakc
Mock = :.5 5 85= 14 148 : 29
HIV-1 275 = 52 79 = 16 160 = 41.
HIV.9  164 : 36 85 = 15 127 = 46

H9 supermuant
Mock 260 = 10 80 = 19 130 = 30
HIV-1 256 = 64 93 = 32 132 =28

'PBMC we cultured is uiznAlterd RPMI 1640 medium with 1I human
IM"" W at oamtramtuo 0( 2-5 X 10* C'LiA per Ial The cella ww incubated

ith Lth odated aturnimlus. and TNI.. 11 .41. and IL.6 wen measured n tOe
ceal cultatum 24 h Later b•, using RIA. Each datum poit is presented as the
mea = st•adar error of the mean (SEM) for fe sepwts czpeU• m&aU. Two
expe imenu m performed w"t H9 asuarnuamina.

Human immunodeficiency Virus Does Not Induce Interleukin-l,
Interleukin-6, or Tumor Necrosis Factor in Mononuclear Cells

Jean-Michel Molina, David T. Scadden, Charlene Amirault, Annie Woon,
Edouard Vannier, Charles A. Dinarello, and Jerome E. Groopman

Journal of Virology: Planned to be published in June 1990
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Table III

Froites of =w. itmmwioadhesius and seiuble rCD.4

jP.B~ocks Pasma hital-life
C.aiculaitd Suourit oind:ng inc~vivy in -Robin F-c binding Complemnent Protein A

XPd S~rjurt n* c 7 is M (hoi&$)* (IM). binding binding

41. COO M.C 10-ý CT 20 4 Yes Yes CIS= 0.01 - - No No
A-1 4.'CY% I..:I Yes 't S 6.1=1.1 s2 No Yet

-'l ',.Aso C-1 ~es Yrs 4LO.CzLA .6 a Q So Y CS
G - -r13 I 2Mef 20.2 Yes Yes

;Ancard error of the mean wats rnce?.,e: using une s 1i~ot aze Scaipia prorrm.s q est Fis 3 igfadL T ~Suzandad duinauoan indicated in hIleum.
Z',cer-rnned in rd'. 24 IgGl hAs a o: ", C.~ in numana).

Designing CD4 Thmunoadhesisn for AIDS n, erapy

Diniel J3. Ci.pori, Ste'v'n .M. Chamow, Joyce Mlordenti, Scot A. Marsters. Timothy
,re.;ory, Hiroaki Mitsuya, Randal A. Byrn, Catharine Lucas, Florian M. WLrm,%

m;erone E. roopman, San~ueI Broder, and Douglas H. Smith.

.atture , 337: 525i-531, 1,989

Table III


